Abstract During the last decade, knowledge of azooxanthellate corals in the Colombian Caribbean has increased through exploration campaigns by the Marine and Coastal Research Institute (INVEMAR). The distribution of 142 species of corals, including hard corals (Scleractinia 64 species), black corals (Antipatharia 18 species), and soft corals (Octocorallia 60 species) is assessed. Statistical analyses were performed to examine the coral species distribution through a geographic gradient (210 stations in 8 sectors) and a bathymetric range (10-520 m depth). Four principal patterns were observed: (1) northeastern distribution (46 species), (2) southwestern distribution (11 species), (3) association with azooxanthellate coral bioherms (37 species), and (4) widespread (44 species). In addition, 4 species were only found around the San Andres Archipelago (insular pattern). Two main oceanographic factors were identified to play a role in the northeast versus southwest coral fauna separation, La Guajira upwelling system and the Magdalena River influx. These patterns appear to be depth-related, since the separation between northeast and southwest was mainly shown by the shallow-water coral fauna, whereas most of the deep-water corals (>200 m depth) were widely distributed along the Colombian Caribbean coastline. These data were also analyzed from a conservation perspective in order to propose new strategies for the protection of the Colombian Caribbean coral fauna.
Introduction
In response to the worldwide decline in marine diversity (Gaston 2000; Pandolfi et al. 2005 ), a paradigm shift has occurred towards better and more precautionary conservation and management of marine resources (Ludwig et al. 1993; Dayton 1998) . These conservation strategies are designed through ecological models (Gering et al. 2003 ) based on which species occur within a particular area and on what factors control their distribution (Friedlander et al. 2003) . The accomplishment of this task receives special attention in Colombia, which is also recognized for its megadiverse terrestrial biota (Mittermeier et al. 1997) . Owing to Colombia's position between the Atlantic and the Pacific, each with distinct geological, oceanographic and climatic features, it is one of the countries with the highest marine biological diversity in South America Miloslavich et al. 2010) . Although marine biodiversity research of Colombia has a short history, considerable knowledge has been gathered in the last 10 years, particularly with regard to species inventories and ecosystem characterizations (e.g., Campos et al. 2004; Reyes et al. 2005 Reyes et al. , 2010 Benavides et al. 2011) .
During the last decades, the Colombian continental shelf has been explored through a few research expeditions. The most important ones are those made by the R/V "Oregon" in the 1960s, the R/V "Pillsbury" in 1972, and the B/I "Ancón" in 1995. Consequently, INVEMAR carried out six "Macrofauna" cruises (1998) (1999) (2000) (2001) (2002) on board of the B/I "Ancón" to fill the information gap concerning the Colombian soft bottom fauna between 10 and 520 m depth (Saavedra- Díaz et al. 2000; Lattig and Reyes 2001; Borrero-Pérez et al. 2002a, b; Cruz et al. 2002; Gracia et al. 2002 Gracia et al. , 2004 Reyes and Santodomingo 2002; Roa-Varón et al. 2003; Borrero-Pérez and Benavides-Serrato 2004; Campos et al. 2004; Flórez-Romero et al. 2007 ). The discovery of azooxanthellate coral communities ) and methane seep ecosystems (Gracia et al. 2012) were among the most interesting results of these expeditions.
Earlier research on scleractinian azooxanthellate corals inhabiting Colombian shallow waters was carried out by von Prahl and Erhardt (1985, 1989) , Werding and Sánchez (1989) , Sánchez (1995) , and Díaz et al. (2000) , and regarding deep waters by Cairns (1979 Cairns ( , 2000 . The most representative studies on the taxonomy and ecology of Colombian octocorals were carried out by Botero (1987) , Sánchez (1994 Sánchez ( , 1998 Sánchez ( , 1999 Sánchez ( , 2001 , and Sánchez et al. (1997 Sánchez et al. ( , 1998 . Ecological and taxonomic research on antipatharians were performed by Sánchez (1999) and Sánchez (1997, 2005) . As a result of the recent marine macrofauna expeditions, knowledge about the Colombian coral fauna showed an important growth with three new species for science (Lattig and Cairns 2000; Reyes et al. 2009 ) and new records for the region (Reyes 2000; Lattig and Reyes 2001; Reyes et al. 2005; Chacón-Gómez et al. 2008 .
Most results of these expeditions have only been presented in technical reports with no attempt to understand species distribution patterns. Therefore, the main goal of the present study is to analyze and compare the spatial distributions of Colombian Caribbean azooxanthellate anthozoans (orders Scleractinia, Alcyonacea, Pennatulacea, and Antipatharia) along a geographical gradient (210 stations in eight sectors) and a bathymetric range (10-520 m).
Materials and methods
Specimens were collected during the INVEMAR expeditions Macrofauna I (1999), Macrofauna II (2000) , Uraba (2003) , Corpoguajira (2005) , and Marcoral (2005) on board of B/I "Ancón" using an epibenthic trawl net (9×1 m opening; 3 knots by 10 min), a Van Veen grab (60 l, 0.03 m 2 ), and a heavy chained rocky dredge (1×0.4 m opening; 1.5 knots by 5 min). Specimens collected during previous biodiversity projects and material donated to INVEMAR by the Smithonian Institution's National Museum of Natural History at Washington, DC (NMNH-SI) were also included in the analysis (specimens from San Andres and three stations at depths beyond 520 m). In this way, the study comprised 210 sampling localities primarily covering a depth range from 10 to 520 m depth in the Colombian Caribbean (Table 1; Fig. 1a; ESM 2 Table S1 ).
Corals with polyps (in 70 or 96 % ethanol) and dry coral skeletons were kept in the collection of the Museo de Historia Natural Marina de Colombia (MHNMC). Specimens were identified to species or to genus level in the case of some octocorals and antipatharians. Some identifications were confirmed by comparison with type material deposited in the NMNH-SI. Identifications were based on: Scleractinia (Cairns 1979 (Cairns , 2000 Zibrowius 1980 ); Octocorallia (Deichman 1936; Bayer 1961; Bayer et al. 1983; Verseveldt and Bayer 1988; Williams 1995 Williams , 1999 Sánchez and Wirshing 2005) ; and Antipatharia (Brook 1889; Opresko 2001 Opresko , 2002 Opresko , 2003 Opresko , 2004 Opresko , 2006 Opresko and Sánchez 2005) . The database comprised a total of 1,226 records (online at http://siam.invemar.org.co/ siam/sibm/index.htm, accessed 30 October 2011).
Systematic surveys carried out by INVEMAR since 1999 along the Colombian Caribbean comprised eight sectors or seascapes (INVEMAR 2000; Díaz and Acero 2003) , which are based on the topography and width of the continental shelf, the geomorphology of the coastal zone, upwelling, terrestrial run-off through major river outlets, and the distribution of the main marine ecosystems. These eight sectors are: La Guajira (GUA), Palomino (PAL), Tayrona (TAY), Magdalena (MAG), Coralline Archipelagos (ARCO), Gulf of Morrosquillo (MOR), Southern Colombian Caribbean (DAR), and San Andres and Old Providence islands (SAN). Bathymetric ranges include samples taken at 20, 70, 150, 200, 300, and 500 m depth. Therefore, the data was summarized in a matrix of presence/absence records of species in each sector of the Colombian Caribbean with their respective bathymetric ranges (Appendix 1). Sectors and depth ranges (>2 species) were grouped using group-average clustering based on BrayCurtis similarities calculated on presence/absence of coral Research vessels: 1 B/I "Ancón", 2 R/V "Pillsbury", 3 R/V "Oregon"
Methods: T trawling net, G van Veen grab, D rock dredge, S scuba diving species data using PRIMER 6 software (Clarke and Gorley 2006) . This information was sorted using non-metric multidimensional scaling (MDS). The MDS analysis was performed 100 times. Distribution maps of selected species were obtained after the incorporation of the dataset in a georeferenced matrix with ArcGIS™ v.9.3 software.
Results
A total of 142 species was listed (Appendix 1), consisting of 64 Scleractinia (hard corals), 55 Alcyonacea (soft corals and gorgonians), 5 Pennatulacea (sea pens), and 18 Antipatharia (black corals). Over 50 % of the scleractinians belonged to the Caryophylliidae (n034; ESM 1 Figs. S1-S3), which were followed by the Dendrophylliidae (n 011; Fig. S4 ), the Flabellidae (n04), and the Pocilloporidae (n04; Fig. S5 ), the Oculinidae (n03; Fig. S5 ), the Fungiacyathidae (n02), and the Turbinoliidae (n02), and the Gardineriidae, Guyniidae, Rhizangiidae, and Schizocyathidae, each with only 1 species (Fig. S5 ). Except for Cladocora arbuscula, all observed scleractinians were non-symbiotic (azooxanthellate) or facultative symbiotic (apozooxanthellate, see "*" in Appendix 1) Cairns and Kitahara 2012) . The antipatharians were represented by 18 species belonging to four families (ESM 1 Fig. S6 ). Octocorals (soft corals, gorgonians and sea pens) were represented by 60 species (ESM 1 Figs. S7-S12). The order Alcyonacea was represented by 55 species, belonging to 12 families: Plexauridae (n019; Fig. S12 ), Gorgoniidae (n08; Fig. S10 ), Ellisellidae (n07; Fig. S9 ), Nidaliidae (n06; Fig. S11 ), Chrysogorgiidae (n05; Fig. S8 ), Acanthogorgiidae (n 04; Fig. S7 ), and the Alcyoniidae, Anthothellidae, Clavularidae, Nephtheidae, Keroeididae and Primnoidae, each with only 1 species. The order Pennatulacea was represented by 5 species, which belong to three families (Fig. S13) . Among the observed alcyonaceans, Muricea elongata, Pterogorgia sp. and Eunicea sp. are recognized as zooxanthellate ("+" in Appendix 1), 9 other species are apozooxanthellate ("*" in Appendix 1), while the remaining 43 species were azooxanthellate (Sánchez and Wirshing 2005) .
Bathymetric distribution
The species richness varied along the depth range, reaching a peak of 86 species at the 100-200 m depth range (Fig. 2) . The diversity distribution over depth intervals is symmetrical, exhibiting a lower number of species at the shallowest areas (<50 m) and deepest bottoms (>200 m). However, it is important to mention that our knowledge on azooxanthellate corals of the Colombian Caribbean can only be considered as comprehensive down to the 500 m depth, because only a few localities have been sampled below this isobath (Fig. 2 , ESM 2 Table S1 ).
Geographic distribution
A maximum number of 76 species per sector was observed in Tayrona (Fig. 3) , 17 of which were only found in this area (Appendix 1). Coralline archipelagos (n072) were ranked second in species richness. La Guajira (n062) and Palomino (n 061) showed almost similarly high species numbers, whereas Magdalena (n021) and Darien (n019) scored much lower. The lowest diversity was observed in the Gulf of Morrosquillo sector with only 4 species of hard corals, and a total absence of octocorals and black corals (Fig. 3) . Although no systematic surveys have been performed by INVEMAR in the sector of San Andres and Old Providence islands (n08), data retrieved from previous expeditions illustrate the lack of knowledge of this area and the need of filling in this gap.
Distribution patterns
Our statistical approach clustered the coral fauna into two main groups: (1) coral communities from deep bottoms (>200 m) on the continental slope and (2) coral communities on the continental shelf ≤200 m (Fig. 4a) . Within the shallow fauna group, three main clusters were observed: (2a) southwestern, conformed by stations<200 m from sectors MAG, ARCO, and DAR; (2b) northeastern, all the stations <150 m from sectors GUA, PAL and TAY; and (2c) coral fauna associated to the bioherms represented by stations ARCO_150 and TAY_200. Exceptionally, the third azooxanthellate coral bioherm located in the Palomino sector (PAL_70) was more similar to the surrounding shallow-water fauna at the northeastern bioherm than to the other two. These four major groups were also observed in the MDS analysis (Fig. 4b) . Based on these clusters, four principal distributional patterns of coral species in the Colombian Caribbean are proposed:
1. Northeast: 46 coral species (32 %) with occurrences at sectors GUA/PAL/TAY, mainly in shallow waters (32 species). Carijoa riisei (Fig. S9b ), Renilla muelleri ( Fig. S14a-g ), and Stichopathes sp., which exhibited a GUA/PAL/TAY/MAG distribution, were also included in this category since their records were restricted to a single station at the north of the Magdalena River mouth. The distribution of the soft coral Bellonella rubistella is shown as an example (Figs. 1b, 5a). 2. Southwest: 11 species (8 %) distributed over sectors MAG/ARCO/DAR. Six species inhabit shallow waters (e.g., Nidalia occidentalis, Fig. S11f ), while the other five occurred mainly in deep waters (e.g., Stephanocyathus diadema TAY_500  GUA_500  DAR_500  PAL_500  TAY_300  DAR_300  MAG_300  ARCO_300  ARCO_500  MAG_500  DAR_150  GUA_300  MAG_20  MAG_70  DAR_20  MOR_20  ARCO_70  GUA_150  ARCO_150  TAY_200  PAL_300  DAR_70  PAL_150  TAY_150  GUA_70  PAL_70  TAY_20  TAY_70  GUA_20 5f-g), followed by Caryophyllia ambrosia caribbeana (Figs. S1g, h), and Deltocyathus eccentricus (Fig. S2c, d ).
Despite a lack of systematic sampling around San Andres and Old Providence Archipelago, four of the eight species from here represent a distribution restricted to these islands: i.e. Stephanocyathus (Odontocyathus) coronatus (Fig. S3g, h ), Balanophyllia hadros, Polymyces wellsi (Figs. 1f, S5g, h), and Fungiacyathus symmetricus (Fig. S5k) . These islands consist of oceanic atolls that are located near Jamaica.
Endemism and similarities with the Pacific fauna
Heterocyathus antoniae (Fig. 5d, e) , the only Colombian Caribbean scleractinian endemic, has a northeastern distribution pattern. This species is remarkable since congeneric extant species were only known from the Pacific, mainly on sandy bottoms adjacent to coral reefs in the eastern Pacific and Indian oceans, from Mozambique to Japan (Hoeksema and Best 1991; Cairns and Zibrowius 1997; Zibrowius 1998; Cairns 1999 ) and the Gulf of California (Durham and Barnard 1952) . The last occurrence of Heterocyathus in the Tethys Ocean is known from the Miocene (20-15 MYA, Burdigalian) based on fossils recovered in southwestern France (Stolarski et al. 2001) .
Tethocyathus prahli represents an interesting case of shared biota with the Pacific. This scleractinian species is an exclusive trans-isthmic species that does not exhibit a cosmopolitan distribution. It has been found off the Magdalena River delta (Colombia), Cocos Island (Costa Rica), and the northern coast of the Colombian Pacific (Lattig and Cairns 2000; Reyes et al. 2009 ). Concerning octocorals, it is noteworthy that Muricella (ESM 1 Fig. S7c,  d ) and Astrogorgia (ESM 1 Fig. S12a, b) were hitherto only known from the Indo-Pacific. In addition, specimens of Verrucella and Ctenocella, known from Pacific shallow waters (Hoeksema and van Ofwegen 2008) and western Atlantic deep waters (Bayer and Grasshoff 1995) , are reported here for the first time in southern Caribbean shallow waters. Detailed taxonomic revisions of these four genera and the subsequent description of potentially new Colombian species are still needed to address further discussion on the similarities and divergences between the Tropical Eastern Pacific and Caribbean fauna.
Discussion
Corals thrive in shallow waters, mainly on coral reefs, which harbor the highest diversity of species known in the marine realm (Veron 2000; Fabricius and Aldersdale 2001) , especially in the center of maximum marine species richness, the so-called Coral Triangle (Hoeksema 2007) . The construction of reef structures is assisted by the symbiotic relationship with zooxanthellae. However, almost 66 % of the scleractinian coral species lack this symbiosis and are found deeper than 50 m Cairns 2007) , some of which form reefs on cold and deep-sea bottoms (Roberts et al. 2006) . Only a few zooxanthellate coral species can be found deeper than 50 m in tropical seas, on so-called mesophotic reefs (Bongaerts et al. 2010) .
During the present study, a high diversity of exclusively azooxanthellate coral species (138 spp.) was found exploiting a wider range of marine habitats such as soft-bottoms, hard-grounds, and deep-sea coral bioherms, far beyond the boundaries of shallow coral reefs. Thus, a higher species richness of azooxanthellate scleractinian corals (n063) in contrast to their zooxanthellate reef-dwelling counterparts (n054) has been observed in the Colombian Caribbean (Díaz et al. 2000; Reyes 2000; Reyes et al. 2010) . The difference in species richness is even more remarkable for the antipatharians, with almost twice (n018) the number for mesophotic and aphotic deep waters (≤520 m) in comparison with the 10 species previously known in shallow-water Colombian reefs (Sánchez 1999; Sánchez 1997, 2005) . Regarding octocorals, around 70 species were known from studies on reef communities, with about half of the species belonging to only four zooxanthellate genera Eunicea (n012), Pseudopterogorgia (n010), Plexaura (n0 5), and Pseudoplexaura (n05) (Botero 1987; Sánchez 1994 Sánchez , 1998 Sánchez , 1999 Sánchez , 2001 Sánchez et al. 1997 Sánchez et al. , 1998 ; although the number of azooxanthellate octocoral species is lower (n0 57), it is remarkable that most of the 33 genera were represented by one or two species, and only a few genera by more than four (e.g. Chrysogorgia, Nidalia, and Leptogorgia).
Diversity with depth
Depth has been recognized as one of the major parameters controlling coral species distribution (Houston 1985; Adjeroud 1997; Dawson 2002) . In this study, the coral fauna varies in the bathymetric gradient, showing the lowest diversities in the shallowest and deepest bottoms, and a peak of high diversity at 100 to 200 m depth (Fig. 2) . This pattern resembles those observed in other biogeographic provinces, where high species richness occurs on the border of continental margins between 100 and 300 m depth, as for example in azooxanthellate scleractinians of the Indo-Pacific (Cairns and Zibrowius 1997) and Brazil (Kitahara 2007) , and octocorals of Japan (Matsumoto et al. 2007 ). The bathymetric pattern of Colombian azooxanthellate corals is also similar to that exhibited by azooxanthellate scleractinians at a global scale, which shows a high species richness at 50-200 m depth (Cairns 2007) . Despite the global diversity peak for this group at 200-1,000 m depth (Cairns 2007) , more surveys would be required to attempt direct comparisons of our data with those ranges, as faunas >500 m are still poorly sampled (Fig. 2) .
Light is not a determinant factor in the distribution of azooxanthellate corals, whereas changes in salinity, temperature, nutrients, and sediments across the depth gradient can play a significant role in the presence and richness of species (Reyes-Bonilla and Cruz-Piñón 2000; Kitahara 2007) . Oceanographic data reported for the Colombian Caribbean indicate that at 100-200 m depth, where the highest coral diversity is observed (61 %), the salinity is around 36.5 psu and temperatures oscillate between 18 and 21°C Barton 2000, 2005; Andrade et al. 2003) .
Some studies have suggested that seawater calcium carbonate could play a major role in the biogeography of corals, as scleractinians deposit aragonite to build their skeletons and octocorals use calcite to form their sclerites (Buddemeier and Fautin 1996; Buddemeier and Smith 1999) . Although this hypothesis is supported by a major development of speciesrich coral reefs in saturated waters above the aragonite saturation horizon (Guinotte et al. 2006; Cairns 2007) , some corals with unique microstructural adaptations can live below carbonate saturation levels, such as micrabaciids, up to 5,000 m depth (Janiszewska et al. 2011) and Fungiacyathus, up to 6,000 m (Cairns 2007) . So far, all Colombian corals have been surveyed above the aragonite saturation horizon, including records for Fungiacyathus crispus (up to 318 m) and F. symmetricus (up to 842 m). There are no records for micrabaciid corals, and Stephanocyathus diadema, the deepest-living coral (up to 1,257 m) in this area.
The distinction between shallow and deep waters is arbitrary and its extent depends on the scope of each study. According to Cairns (2007) , deep-water species are those occurring >50 m depth based on the argument that few zooxanthellate coral species are present below this depth (but see Kahng and Maragos 2006; Bongaerts et al. 2010; Kahng et al. 2010) . This limit was supported by Lindner et al. (2008) arguing that a 50-m wave disturbance boundary is used to determine the division between 'onshore' and 'offshore' environments in the fossil record (Bottjer and Jablonski 1988) , and this corresponds approximately with the maximum depth at which regular storm-generated waves may cause sediment resuspension and disturbance to the benthos. In this study, a 200-m boundary was adopted to distinguish shallow-from deep-water, based on scleractinian studies by Cairns (1979 Cairns ( , 2000 and because it corresponds with the continental shelf edge (Lakewood 1999; Stewart 2008) . In this sense, the presence of an ecotone area with fauna elements of the continental shelf and the upper shelf slope may explain the maximum species diversity at 100-200 m depth.
Biogeographic patterns
The coral faunas of the northeastern (GUA, PAL, and TAY) and the southwestern (MAG, MOR, and DAR) sectors differ in terms of species richness and composition due to the synergy of two ecological factors. First, the cold-water upwelling off La Guajira increases the concentration of nutrients (Andrade et al. 2003; Andrade and Barton 2005) and therefore creates suitable conditions to the occurrence of suspension feeders such as corals. Second, the presence of the Magdalena River Delta and its freshwater and sediment discharge (Restrepo et al. 2006 ) could act as a barrier for the larval dispersion of coral species.
Coral fauna in shallow waters (<200 m) seem to follow this distribution pattern (northeastern vs. southeastern), while most of the deep-water species are widely distributed in the Colombian Caribbean. The relative constancy of deep-sea environmental conditions might explain the more homogeneous distribution of species in deep bottoms (Grassle 1991) .
The diversity of scleractinian corals, solitary ones in particular, together with octocorals and antipatharians, was higher in areas where azooxanthellate coral bioherms occur (Roberts et al. 2006 (Roberts et al. , 2009 . This relationship is partly explained by the presence of hard-bottom substrates where solitary coral species and many other sessile suspension feeders live. It is evident that branching azooxanthellate corals (e.g., Madracis spp. Cladocora debilis, Thalamophyllia riisei, among others) are the principal components of such hard substrates as either living colonies or accumulated debris .
It is remarkable that the Morrosquillo sector has only four species, including two common dwellers of artificial substrates, Phyllangia americana americana and Astrangia solitaria. This low diversity could be due to natural factors such as high sedimentation rates on shallow (<40 m) sea floors inside the Gulf of Morrosquillo, or to destructive fisheries, with the latter being the most plausible. The Gulf of Morrosquillo has been swept by shrimp trawling nets over more than 30 years. The primary gears have been trawling nets, both demersal and pelagic, that on average operate for about 9 h/day (Herazo et al. 2006) . Octocorals are included in their bycatch (García et al. 2008 ). Consequently, it is possible that coral diversity and abundances were higher in the past. Unfortunately, there are no historical coral collections to support this hypothesis (see Hoeksema et al. 2011 ).
Relationship with the Pacific fauna
The closure of the Central American Isthmus (12-2.8 MYA) led to a great schism in the marine realm resulting in the extinction of some species and the development of two separate and distinctive marine faunas: the Tropical Eastern Atlantic from the Caribbean (Collins et al. 1996; Knowlton and Weigt 1998; Lessios 2008) . Therefore, the occurrence of Tethocyathus prahli at both the Atlantic and Pacific Colombian coastal areas is remarkable (Lattig and Cairns 2000; Reyes et al. 2009 ) as a relict of the trans-isthmian fauna in deep waters and could be used in further phylogeographic studies.
The presence of a center of endemism in the Colombian Caribbean is suggested for the area surrounding La Aguja Canyon, located between sectors PAL and TAY. This hypothesis is based on the occurrence of the free-living coral Heterocyathus antoniae (Reyes et al. 2009 ), belonging to a genus previously only known from the Indo-Pacific (Hoeksema and Best 1991) , as well as the fish Quadratus ancon (Mok et al. 2001 ), belonging to a West Pacific genus, and the ophiuroid Ophiosizygus disacanthus (Borrero-Pérez and Benavides-Serrato 2004), described from Japan. In addition, the particular distribution of these taxa suggests that they probably belong to an Atlantic relict fauna in this specific area of the Colombian Caribbean.
Colombian corals in the regional context
The geographic distribution patterns of azooxanthellate scleractinian corals described by Cairns (1979 Cairns ( , 2000 based on geopolitical regions were successfully tested by using statistical analyses (see fig. 1 in Dawson 2002) . However, those analyses were carried out on only the 42 Colombian azooxanthellate coral species known at that time. The recent addition of 17 new species records and 3 new species (Reyes 2000; Lattig and Reyes 2001; Reyes et al. 2005; Santodomingo et al. 2007 ) significatively increased the knowledge on azooxanthellate scleractinians in the Colombian Caribbean, which appears to have one of the most diverse coral faunas in the region with representatives of almost 50 % of the described species in the western Atlantic region. Thus, although the patterns proposed by Cairns (1979 Cairns ( , 2000 and Dawson (2002) explain general trends of scleractinian distribution in the Caribbean region, they do not resemble the patterns observed in the present study. Furthermore, distributions of octocorals and antipatharians are also included in the present analysis as an effort to cover the main groups of azooxanthellate anthozoans.
The current geographic distribution patterns revealed by Colombian azooxanthellate corals seem to correspond better with the delimitation of Marine Ecoregions of the World (MEOW) proposed by Spalding et al. (2007) . In their proposal, the southern Caribbean MEOW (0northeastern Colombia) only includes La Guajira sector, while the remaining sectors, Palomino, Tayrona, Magdalena, Morrosquillo, Coralline Archipelagos and Darien, belong to the southwestern Caribbean MEOW (0southwestern Colombia). Based on the criteria used to define MEOWs as "areas of relatively homogeneous species composition, clearly distinct from adjacent systems" (Spalding et al. 2007 ), our results could contribute to a more precise delineation of MEOWs at the Colombian Caribbean. Consequently, a new proposal for the delimitation of MEOWs would include sectors under the influence of La Guajira upwelling system (La Guajira, Palomino and Tayrona sectors) within the southern Caribbean MEOW (0northeastern Colombia), and would include the remaining sectors (Magdalena, Morrosquillo, Coralline Archipelagos and Darien) within the southwestern Caribbean MEOW (0southwestern Colombia), also establishing the Magdalena River delta as a barrier.
Our comprehensive analysis highlights not only the importance of rigorous taxonomic studies but also indicates the need for more faunistic sampling in poorly studied areas in order to overcome Linnean and Wallacean shortfalls (Brown and Lomolino 1998; Lomolino 2004 ) and to better understand distribution patterns in the marine realm.
Conservation topics
Concerning the shallow-water coral reefs of Colombia, most reef areas have been included within Marine Protected Areas MPAs (Díaz et al. 2000) , and the conservation status of nine coral species from Colombia was emphasized in the IUCN Red List of endangered species of Colombia . The recent discovery of three azooxanthellate coral communities of the Colombian Caribbean and their high associated diversity of molluscs, crustaceans, echinoderms, bryozoans, and fishes (Reyes et al. 2005; Santodomingo et al. 2007 ) has promoted the inclusion of this ecosystem in the conservation priorities for the design and management of some MPAs (Alonso et al. 2008a, b) . For instance, the establishment of the 200-m isobath border for the Rosario and San Bernardo Coralline Archipelagos MPA was supported by the presence of azooxanthellate Madracis coral bioherms between 150 and 160 m depth within its boundaries (MAVDT 2005) . Although the second azooxanthellate coral bioherm is located in the area adjacent to the Tayrona National Park, the management plans of this MPA do not so far include this ecosystem. Moreover, the high coral diversity found in La Guajira and Palomino sectors could be affected by the current increment of trawling fishing registered in these sectors (Viaña et al. 2002) . Some strategies have been designed for the future establishment of an MPA network in this area (Alonso et al. 2008b) , including the Palomino sector, which contains the third azooxanthellate coral community.
The need for conservation of many reef coral species has been established because they are relatively well known and relatively few species are considered data-deficient (Carpenter et al. 2008 ). The present study indicates that information about the deep-water coral fauna is scarce. Future campaigns in areas with special biodiversity values, such as La Aguja Canyon in the Tayrona sector (down to 3,000 m depth) or around the Lophelia pertusa records of La Guajira (500-1,000 m), would not only provide important information to the knowledge of the Colombian coral fauna and its deep-water coral communities but also increase our knowledge on the global deep-water coral fauna, which may be important for its protection.
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